ABSTRACT: The present study was undertaken to examine the antibacterial abilities of intestinal bacteria isolated from juveniles and larvae of Japanese flounder Paralichthys olivaceus. Newly hatched larvae of flounder were held in a 100 L plastic circular tank and fed rotifiers, Artemia nauplii and commercial feeds, depending on the developmental stage of the fish. Genera Aeromonas, Moraxella and Vibrio were predominantly isolated from the intestinal tracts of Japanese flounder at larval and juvenile stages, whereas Aeromonas, Bacillus, coryneforms, Moraxella, Pseudomonas and Vibrio were detected at high densities in live diets and artificial feeds. Antibacterial bacteria accounted for 1.7-24.3% of the intestinal isolates against Lactococcus garvieae, Pasteurella piscicida, Vibrio anguillarum and V. vulnificus. In particular, as much as 53.3% of Vibrio spp. other than Vibrio-swarmer isolated from 197-day-old juveniles inhibited the growth of P. piscicida. These results suggest that intestinal bacteria having antibacterial activity play a role in the prevention of infectious diseases.
INTRODUCTION
In intensive fish farms, where fish are subjected to stressful conditions, bacterial diseases often occur and result in serious economic losses. In such cases, antibacterial drugs are usually used to treat the bacterial diseases of fish. However, pathogenic bacteria often develop drug resistance if exposed to antibacterial drugs long term and this makes infections more difficult to treat. Moreover, a large amount of antibacterial drugs is usually discharged into the surrounding water and sediment around the fish farm, resulting in a reduction of microbial activities and possibly water quality problems at the site. 1, 2 Therefore, the use of antibiotics is rigorously controlled in most countries and efforts are made to minimize their use. The infections caused by almost all viruses, bacteria, fungi and parasites may be prevented effectively by disinfection of the rearing water and equipment using ozone, chlorine and ultraviolet light. [3] [4] [5] However, some opportunistic infections are often caused by intestinal bacteria, such as Aeromonas spp. and Vibrio spp., which are continuously excreted into surrounding waters by fish defecation. 6, 7 This fact strongly suggests that the effective prevention of such infections cannot be achieved by only disinfection of rearing water and equipment. In contrast, it was found that 1-10% of intestinal bacteria from both freshwater and marine fish possesses an inhibitory activity against fish pathogenic bacteria. [8] [9] [10] [11] [12] [13] [14] These reports strongly suggest that antibicterial bacteria that are administrated orally to fish as probiotics may be capable of controlling pathogenic agents in aquaculture systems. Therefore, the present study was undertaken to examine the antibacterial abilities of intestinal bacteria isolated from juveniles and larvae of Japanese flounder Paralichthys olivaceus for a better understanding of the probiotic treatment of fish.
MATERIALS AND METHODS

Fish
Newly hatched pelagic larvae of Japanese flounder were held in a well-aerated 100 L plastic circular tank. Approximately 30-100% of rearing water was replaced daily with newly collected seawater. Yolk sac-absorbed larvae were fed rotifers Brachionus rotundiformis and newly hatched nauplii of brine in 1000 mL of 50% S-type artificial seawater (Jarmarin Laboratory, Osaka, Japan), adjusted to pH 7.5. Macrocolonies of bacteria tested were formed on 1/5 PYBG agar (1/5 PYBG liquid medium solidified with 1.5% agar) plates by inoculating 5 mL droplets of the above culture using a multipoint inoculator. After incubation at 25°C for 48 h under aerobic conditions, the colonies grown were killed with chloroform vapor (15-20 min) . The target strain was incubated for 24 h at 25°C in 1/5 PYBG liquid medium and diluted until the optical density at 610 nm reached 0.2 (approximately 10 8 CFU/ mL). The culture was further diluted 100-200-fold with 1/5 PYBG soft agar (1.0% agar) and poured over the plates (4.5 mL each plate). After incubation at 20°C for 48 h, the bacterial strain with a greater than 1.0 mm difference in diameters between a clear inhibitory zone and a macrocolony was judged as an antibacterial bacterium. Although control plates without macrocolonies of tested bacteria were included to evaluate the possible effect of chloroform on the growth of the target strain, no such effect was observed.
RESULTS
Microflora
A total of 2008 aerobes and facultative anaerobes was isolated from the intestinal tracts, rearing shrimps Artemia sp. The pelagic larvae of the flounder metamorphosed to the settlement form approximately 21 days after hatching. Between 31 and 41 days after hatching, the diet was gradually changed from Artemia nauplii to a commercial feed 1C (Fuji Flour, Shizuoka, Japan), followed by feeds 2C, 3C and EP-1P (Fuji Flour), depending on the developmental stage of the fish. During the experimental period, water temperature, salinity and dissolved oxygen in the rearing water were kept at 19.8-22.7°C, 30.2-32.8 psu and 6.6-11.0 p.p.m., respectively.
Bacteriologic sampling
On days 3, 23 and 45 after hatching, groups of 40-80 larvae and juveniles were washed with sterile seawater according to Campbell et al. 15 On days 67, 109 and 197 after hatching, intestinal tracts were removed aseptically from five to 20 juveniles and divided into five samples. Concomitantly, rearing water, live diets and commercial feeds were collected and processed bacteriologically. The Artemia nauplii and rotifers were separately washed 10 times with a total of 300 mL sterile seawater on sterile stainless steel nets (100 mm opening).
The washed whole bodies and intestinal tracts of Japanese flounder, along with the rearing water, diets and feeds, were separately homogenized in 9 volumes of seawater diluent (pH 7.0) containing 0.1% Agar and 0.05% L-cysteine HCl. 16 Thus, each sample prepared was serially diluted and 50 mL portions of diluent were spread over four sets of peptone-yeast extract-beef extract-glucose (PYBG) agar 16 and two sets each of 1/20 PYBG agar, 16 thiosulfate-citrate-bile salt-sucrose (TCBS) agar (Eiken, Tokyo, Japan) and marine anaerobic Gram-positive bacteria-selective (MAGPC) agar. 17 The duplicate PYBG, 1/20 PYBG and TCBS agar plates were incubated under aerobic conditions and the duplicate PYBG and MAGPC agars were incubated under anaerobic conditions established in the anaerobic jar, both at 25°C. After incubation for 7-8 days, bacterial colonies were counted and approximately 20 colonies were isolated at random from each plate and identified at a genus/family level according to Shewan et al. 18 and as modified by Sugita et al. 16 Based on the susceptibility to a vibrio static compound (O/129) and the ability to swarm on solid agars, bacterial isolates belonging to Vibrionaceae were further divided into three taxonomic groups: Aeromonas (resistant to O/129), Vibrio-swarmer (sensitive to O/129 and swarmed on solid agars) and Vibrio-others (sensitive to O/129 but did not swarm). In suitably diluted samples, colonies of each genus/family were
water, live diets and commercial feeds of Japanese flounder under aerobic conditions and they were composed of Vibrio-others (726 isolates), Vibrioswarmer (397), Moraxella (319), Bacillus (125), coryneforms (92), Aeromonas (89), Pseudomonas (77), Micrococcus (73), Flavobacterium (67), Acinetobacter (27) , Staphylococcus (10) and Enterobacteriaceae (6). Contrary to this, no obligate anaerobe was isolated from the above-mentioned specimens and samples under anaerobic conditions. Table 1 shows the microflora of live diets and commercial feeds for Japanese flounder. In rotifers, Flavobacterium, Micrococcus, Moraxella, Pseudomonas, Vibrio-swarmer and Vibrio-others were detected at densities ranging from 1.7 ¥ 10 2 to 4.4 ¥ 10 5 CFU/g and a total viable count of 6.6 ¥ 10 5 CFU/g. Aeromonas, Moraxella, Pseudomonas, Vibrio-swarmer and Vibrio-others were isolated from Artemia nauplii with densities ranging from 1.0 ¥ 10 7 to 1.2 ¥ 10 8 CFU/g and a total viable count of 2.3 ¥ 10 8 CFU/g. In contrast, bacterial isolates from four feeds, C1 through to EP-1P, were classified into eight taxonomic groups, including Acinetobacter, Bacillus, coryneforms, Flavobacterium, Micrococcus, Moraxella, Pseudomonas and Staphylococcus, which were counted at densities ranging from 5.2 ¥ 10 2 to 2.2 ¥ 10 7 CFU/g. Total viable counts of commercial feeds ranged from 1.4 ¥ 10 4 to 2.5 ¥ 10 7 CFU/g. Table 2 shows the microflora of rearing water for Japanese flounder. During the experimental period of 197 days, nine taxonomic groups of bacteria, including Acinetobacter, Aeromonas, coryneforms, Flavobacterium, Micrococcus, Moraxella, Pseudomonas, Vibrio-swarmer and Vibrio-others, appeared in the rearing water and total viable counts ranged from 1.1 ¥ 10 5 to 2.6 ¥ 10 6 CFU/mL. Of six seawater samples, Moraxella and Vibrioothers were detected in all six samples with densities ranging from 9.1 ¥ 10 1 to 1.9 ¥ 10 6 CFU/mL, whereas Flavobacterium and Pseudomonas were detected in five samples with densities ranging from 7.4 ¥ 10 3 to 5.0 ¥ 10 5 CFU/mL. Vibrio-swarmer was isolated at only 3, 24 and 45 days after hatching, at densities ranging from 1.7 ¥ 10 2 to 9.3 ¥ 10 4 CFU/mL. Table 3 shows the intestinal microflora of Japaense flounder at different developmental stages. A total of 12 taxonomic groups of bacteria, including Acinetobacter, Aeromonas, Bacillus, coryneforms, Enterobacteriaceae, Flavobacterium, Micrococcus, Moraxella, Pseudomonas, Staphylococcus, Vibrio-swarmer and Vibrio-others, appeared in intestinal tracts of Japanese flounder and mean total viable counts (n = 5) ranged from 3.6 ¥ 10 5 to 6.0 ¥ 10 7 CFU/g. Only Vibrio-others was 3 to 4.9 ¥ 10 7 CFU/g, whereas other bacteria were detected in only one to eight specimens. On the 3rd day after hatching, the mean density of Flavobacterium, Moraxella and Pseudomonas was five-to 77-fold greater than that of Vibrio-others, which became the first-or second-most common inhabitant of the intestinal tract of Japanese flounder after 24 days of hatching. After 45 days of hatching, members of the genus Vibrio became the most common inhabitants of flounder intestine. (23) , respectively, of 1393 bacteria isolated from the intestinal tracts of Japanese flounder. This result means that the occurrence (24.3%) of the P. piscicida inhbitor was much greater in intestinal bacteria of Japanese flounder than in the diets/feeds (2.6%) and rearing water (1.0%). More than 10% of isolates belonging to Bacillus, coryneforms, Enterobacteriaceae, Flavobacterium, Micrococcus, Pseudomonas and Vibrio-others showed inhibitory activities against P. piscicida and/or V. vulnificus. Table 5 shows the occurrence of antibacterial isolates belonging to four taxonomic groups and total bacteria against P. piscicida K-III and V. vulnificus RIMD2219009 in the intestinal tract of Japanese flounder at different developmental stages. Interestingly, the occurrence of antibacterial isolates in Vibrio-others against the P. piscicida strain increased gradually with fish development, from 2.6% at 3 days to 53.3% at 197 days after hatching, whereas a similar trend was not observed for other bacterial species and target bacteria.
Antibacterial ability of microflora
DISCUSSION
Marine fish generally harbor the genus Vibrio as predominant intestinal inhabitants, whereas the intestines of freshwater fish are mainly colonized by the genus Aeromonas and sometimes the family Bacteroidaceae, depending on the fish species. [20] [21] [22] [23] However, the intestinal microflora of fish is remarkably influenced by endogenous and exogenous factors, including the developmental stage of the host fish, as reported by many workers. [24] [25] [26] [27] results suggest that the Vibrio-swarmer also seems to be a transient type rather than a larval type. Many workers have reported that the adult microflora establishes after between 20 days and 2 months of hatching, depending on the fish species and rearing conditions. 20, 24, 26 The present study showed that Vibrio-others became the first-or second-most common inhabitant in the intestinal tract of Japanese flounder after 24 days of hatching. The major changes in the digestive organs from post-larval to young fish are summarized as follows: (i) enlargement of the stomach and development of the gastric gland; (ii) formation of the pyloric caeca; (iii) change in food ingested; (iv) changes from intracellular to extracellular digestion of protein; (v) storage of fatty substances in the intestinal wall and liver; and (vi) enhancement of liver function. 28 At present, however, it remains unresolved what factor(s) regulate the establishment of adult flora.
In contrast, inhibitory bacteria against P. piscicida, V. vulnificus, L. garvieae and V. anguillarum strains accounted for 24.3% (339 isolates), 11.8% (164), 4.2% (59) and 1.7% (23) , respectively, of 1393 bacteria isolated from the intestinal tracts of Japanese flounder. The antibacterial abilities against P. piscicida K-III of intestinal bacteria from Japanese flounder (24.3%) were significantly greater than those of other fish. 10, 14 Interestingly, the occurrence of antibacterial isolates in Vibrioothers against the P. piscicida strain increased gradually with fish development, from 2.6% at 3 days to 53.3% at 197 days after hatching, although antibacterial producers appeared in 40-100% of specimens. Asfie et al. 7 also reported that as much as 59% of Vibrio spp. isolated from another population of Japanese flounder inhibited the growth of P.
In a previous report, 26 we divided the bacterial species that appeared in goldfish intestines at different stages of development into three types: (i) a transient type, which is present for a relatively short period with low frequencies of occurrence; (ii) a permanently indigenous type, which occurs abundantly at all stages of fish development; and (iii) the adult type, which appears at a certain period after hatching and then becomes established. In the present study, 12 taxonomic groups, including Acinetobacter, Aeromonas, Bacillus, coryneforms, Enterobacteriaceae, Flavobacterium, Micrococcus, Moraxella, Pseudomonas, Staphylococcus, Vibrio-swarmer and Vibrio-others, appeared in the intestinal tract of Japanese flounder. These results generally coincide with those of Tanasomwang and Muroga. 25 According to the above categories, these bacteria can be divided into two types: the transient type and the permanently indigenous type. Only Vibrio-others seems to correspond to the permanent indigenous type and the remaining 11 groups were suspected to all be transient types because they were not detected at all stages of development with high frequencies of occurrence. However, of these bacterial groups, Vibrio-swarmer appeared at only 3-65 days after hatching. These results suggest that the Vibrioswarmer may be specific to the larval stages of this fish, suggesting it to be the larval type that appears only at the larval stage of the host fish. However, Sugita et al. 27 reported that Vibrio-swarmer was detected at temperatures higher than 20°C in the intestinal tracts and body skins of puffer Takifugu niphobles niphobles. In addition, in the present study, Vibrio-swarmer was isolated from rotifers and Artemia nauplii on 3 and 24 days and in rearing water on 3-45 days of hatching. These piscicida K-III. These results strongly suggest that Japanese flounder, at the larval and juvenile stages, possesses antibacterial producers against P. piscicida in its intestines. These Vibrio spp. seem to be candidates for the probiotic bacteria of marine fish. Fuller 29 pointed out the features of a good probiotic as follows: (i) it should be a strain that is capable of exerting a beneficial effect on the host animals (e.g. increased growth or resistance to disease); (ii) it should be non-pathogenic and nontoxic; (iii) if should be present as viable cells, preferably in large numbers, although we do not know the minimum effective dose; (iv) it should be capable of surviving and metabolizing the gut environment (e.g. resistant to low pH and organic acids); and (v) it should be stable and capable of remaining viable for long periods under storage and field conditions. Therefore, further studies along this line should be performed for the practice of developing effective probiotics.
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